We address the presently reported significant flavor anomalies in the K and B meson systems such as the CP violating Kaon decay (ε ′ /ε) and lepton-flavor universality violation in B meson decays (R K ( * ) , and also commenting R D ( * ) ), by proposing flavorful and chiral vector bosons as the new physics constitution at ∼ 1 TeV. Interestingly, if the new (composite) vector bosons are quite heavier than ∼ 1 TeV, we face a difficulty in addressing the anomaly in ε ′ /ε consistently with the constraint from the K 0 -K 0 mixing. Both of the anomalies can be addressed within 1σ confidence levels individually, where the relevant parameter space will be investigated by the NA62 and KOTO experiments, in addition to direct searches at the large hadron collider.
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Introduction
The experimental anomalies in B meson decays whose partonic processes are described as b → sµ + µ − and b → cτν, which include the QCD-safe observables R K ( * ) = B(B → K ( * ) µ + µ − )/B(B → K ( * ) e + e − ) and R D ( * ) = B(B → D ( * ) τν)/B(B → D ( * ) ℓν), have been focused extensively and especially for the last several years. See e.g., Refs. [1, 2, 3, 4, 5] and Refs. [6, 7, 8, 9, 10] for earlier works, respectively. We find works in similar contexts (compositeness or warped extra dimension) [11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25] (see also discussions about loop corrections of vector leptoquarks [26, 27] ). It is noted that recently another measurement of the b → cτν transition, namely the ratio R J/ψ = B(B c → J/ψτν)/B(B c → J/ψ µν) has beem measured and discussed (see e.g., [28, 29] ).
On the other hand in the Kaon sector, the observable, ε ′ /ε, which measures the direct CP violation in K → ππ decays has been focused since sizable discrepancy from the experimental data [(ε ′ /ε) exp = (16.6 ± 2.3) × 10 −4 ] [30, 31, 32, 33] was reported in the standard model (SM) as (ε ′ /ε) SM = (1.06 ± 5.07) × 10 −4 [34] (see also [35] ) adopting the first lattice calculation result reported by RBC-UKQCD collaboration [36] . We find various studies on this subject [37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64] . This anomaly would suggest us another hint for surveying possibilities of physics beyond the SM through flavor physics.
We consider the possible scenario where the B and K anomalies are addressed simultaneously discussed in [55] . Here, the chiral-flavorful vectors (CFVs) are introduced as a 63-plet of the global SU (8) symmetry, identified as the one-family symmetry for left-handed quarks and leptons in the SM forming the 8-dimensional vector, where the 63-plet is decomposed into massive gluonlike, vector-leptoquark-like, W ′ -and Z ′ -like vector particles. CFVs contribute to both kinds of the anomalies in the B and K meson sectors, where we found the parameter space where both kinds of the anomalies can be addressed within 1σ confidence levels (C.L.s) individually.
Chiral-flavorful vectors

General aspects
The CFVs' (denoted as ρ) couplings to the left-handed fermions in the SM are constructed in the one-family global-SU (8) symmetric way as
where g i j ρL denotes the (hermitian) couplings with the generation indices (i, j) in the gauge eigenbases, and f i L includes the left-handed SM doublet quarks (q ic L = (u ic , d ic ) T L with the QCD color index c = r, g, b) and (left-handed) lepton doublets (l i L = (ν i , e i ) T L ) for the ith generation, which forms the 8-dimensional vector (the fundamental representation of the
To manifestly keep the SM gauge invariance in the coupling form of Eq.(2.1) leads to the gauging of the global SU (8) symmetry, 
where ρ QQ , ρ QL (= ρ † LQ ), and ρ LL include color-octet ρ (8) (of "massive gluon G ′ type"), -triplet ρ (3) (of "vector-leptoquark type"), and -singlet ρ (1) (′) (of "W ′ and/or Z ′ type"), which can further be classified by the weak isospin charges (±, 3 for triplet and 0 for singlet). Thus, decomposing the CFVs with respect to the SM charges, we find
where e c denotes the 3-dimensional eigenvector in the color space. Parts of CFVs are mixing with SM gauge bosons through the mass mixing form,
where m ρ is the mass scale for CFVs, and g ρ governs the magnitude of the mixings (where g ρ is the corresponding gauge coupling of the (partial) gauging of the SU (8) global symmetry based on the hidden local symmetry formulation). This term generates the flavor-universal couplings for the CFVs to both of the left-handed and right-handed quarks/leptons, where the magnitudes of induced interactions are evaluated as ∼ (g 2 s,W,Y /g ρ ). Due to the constraint from electroweak precision measurements, g ρ should be greater than O(1), where g ρ ∼ 10 is a safe choice. It is mentioned that not only the flavorful interactions in Eq.(2.1), but also the flavor universal interactions through the V -ρ mixing sizably contribute to phenomena, especially for ε ′ /ε and the muonic resonance production at the large hadron collider (LHC), in spite of the suppression factor ∼ (g s,W,Y /g ρ ) for g ρ ∼ 10.
In general, this mixing effect generates mass splitting among the CFVs. Nevertheless, now the magnitude is very small as (g s,W,Y /g ρ ) ≪ 1, it is reasonable to treat all of CFVs being degenerated, M CFVs ≃ m ρ . See [65] for an ultraviolate-completed realization by a vectorlike confining gauge theory.
The flavor-texture Ansatz
For our purpose of addressing the anomalies in the B and K sectors, we decided to introduce the flavored texture for the g i j ρL in Eq.(2.1). The concrete form of the flavor texture is
in which the hermiticity in the Lagrangian of Eq.(2.1) has been taken into account (i.e. g 21 ρL = (g 12 ρL ) * and (g 33 ρL ) * = g 33 ρL ). The reason why we adopted this texture is as follows:
• The size of the real part for g 12 ρL actually turns out to be constrained severely by the Kaon system measurements such as the indirect CP violation ε K , and K L → µ + µ − , to be extremely tiny ( O(10 −6 )) (for instance, see Ref. [66] ). In contrast, however, its imaginary part can be moderately larger, which will account for the reported ε ′ /ε anomaly. Hence we will take it to be pure imaginary: 8) by which the new physics contributions will be vanishing for the ε K and Br[K L → µ + µ − ].
• The base transformation among the gauge-and flavor-eigenstates can be made by rotating fields as (under the assumption that neutrinos are massless)
where U , D and L stand for 3 × 3 unitary matrices and the spinors with the prime symbol denote the fermions in the mass basis, which are specified by the capital Latin indices I and J. The Cabibbo-Kobayashi-Maskawa (CKM) matrix is then given by
, being negligible as long as the CFVs are on the order of TeV). As in the literature [67] , we take the mixing structures of D and L as
where we recall that the up-quark mixing matrix is automatically determined through V CKM = U † D.
Addressing B anomaly
When we try to address the anomalies associated with the currents b → sµ + µ − and b → cτ − ν, we should take account of related constraints from B 0 s (= sb) ↔ B 0 s (= bs), τ − → µ − µ + µ − , b → sνν, τ → µss, and also others. In our setup, B 0 s ↔ B 0 s , τ − → µ − µ + µ − generate stringent bounds on the parameters, while constraints from the others are weaker.
As a reasonable benchmark, we selected m ρ and g ρ as 1 TeV and eight. A preferred situation is focused and summarized in Fig. 1, where [68] , being adopted as pointed out in [69] ). Here we have taken into account the NLO QCD operator running effects. When we focus on the region (|g 33 ρL |, θ L ) ≃ (0.6, π/2), the R K ( * ) anomaly can be addressed near the best-fit point. Also, a fascinating property is found in the present scenario in the R D ( * ) variables. The setup contains vector-leptoquark-like and W ′ -like vectors, where they can contribute to R D ( * ) at the leading order. However, the underlying SU (8) global symmetry reduces the contribution in total, which is vanishing in the degenerated limit of CFVs. This gives us a strong prediction on R D ( * ) that they are very close to those of SM, and it will be checked in future by experiments. [70] ). The gray-hatched region is out of the 2σ -favored area for ∆M B s (based on the result [71] ). We adopted the target magnitude of relevant Wilson coefficients derived through their global fit in [72] .
Addressing K anomaly
We move on to the anomaly and associated constraints in the K system. Looking at the flavor texture in Eq.(2.7), we find that the contributions of CFVs to the s-d transition observables, ε ′ /ε, K → πνν and K 0 -K 0 mixing (∆M K ) are possibly generated. Also, we ought to focus on the c-u transition, where observables in the D 0 -D 0 mixing provide us additional constraints on the scenario.
First, we focus on the correlation between ε ′ /ε and K 0 -K 0 mixing (∆M K ). For the ∆M K , as was prescribed in Ref. [45] , we may derive the limit simply by allowing the new physics effect to come within the 2σ uncertainty of the current measurement (∆M The CFV contributions to the direct CP violation in the K → ππ processes are evaluated at the NLO perturbation in QCD and QED coupling expansions as [34] ε ′ ε
where [74, 35] . The coefficients Q ε ′ (µ) T Û µ, m ρ , which denote the evolution of the hadronic matrix elements from the scale µ to the NP scale m ρ , are given in Ref. [34] , where Q ε ′ (µ) T is defined as
The vector forms Q(µ) T I (I = 0, 2) are defined from Q j (µ) I like C(m ρ ) (where the concrete information on Q(µ) T I andÛ µ, m ρ are available in [34] ). The factors for the isospin breaking correction are described in the matrix form,
Here the scale µ is set to be 1.3 GeV. In the LO analysis where C 5 (m ρ ),C 6 (m ρ ) and C 7 (m ρ ) bring main effects on C 6 (m c ) and C 8 (m c ), we found that the contributions from QCD penguin Q 6 dominates in the ε ′ /ε, and the EW penguin Q 8 term yields about 60% contribution of them. • Since the flavor of the neutrinos is not identified in experiments, the constraints from K + → π + νν and K L → π 0 νν hold correlations between g 12 ρL and g 33 ρL .
• Addressing R K ( * ) and ε ′ /ε within 1σ C.L.s looks possible, but it is realizable very in a limited parameter space. If we relax it to 2σ C.L.s, still we find sufficient regions of parameters.
• A part of the region where ε ′ /ε can be addressed seems to be excluded by the constraint from the D 0 -D 0 mixing. Nevertheless, as shown in the left panel of Fig. 3 , the 95% C.L. interval highly depends on the choice of the uncertain input x SM (see [55] for details). Taking account of the uncertainty for x SM , we can conclude that no definite bound is put on the red vertical domains (for ε ′ /ε) in Fig. 3 .
• According to the literature [78] , by the end of 2018 the NA62 experiment will measure the K + → π + νν with about 10% accuracy of the SM prediction. The KOTO experiment also plans to report new results on the data analysis on the K L → π 0 νν in the near future, to be expected to reach the level of < 10 −9 for the branching ratio, corresponding to 2015 -2018 data taking [79] . In the near future, such updated bounds will restrict the relevant parameter regions sizably.
Status of LHC dilepton search
Generally, vector particles coupled with a pair of muons are significantly constrained by direct dimuon resonance searches at the LHC. In our scenario, flavor universal couplings to up-and downquarks dominate production cross section even though the suppression factor (g s /g ρ ) works. As shown in Fig. 4 , the additional widths of the CFVs contributing the production are required to be [77] . In the figure we have also shown the previous boundary based on the previous bound by the dashed cyan curves. The regions surrounded by horizontal lines [in blue (for θ D /π = 2 × 10 −3 ) or orange (for θ D /π = 1.5 × 10 −3 )] are allowed by the B− τ system constraint in Fig. 1 , in which the lower bounds on the magnitude of g 33 ρL come from the requirement to account for the R K ( * ) anomaly within the 2σ level, while the upper ones originate from circumventing the bound from ∆M B s at the 2σ level, respectively. The vertical domains identified by the blue and black horizontal arrows correspond to the 95% C.L. intervals of the D 0 -D 0 mixing when x SM = +1% and +0.1%, respectively (see [55] for details). Right: the magnified plot of the left panel focused on the region where both of the R K ( * ) and ε ′ /ε anomalies can be addressed with positive g 33 ρL . The gray-shaded region is already excluded by Br[K + → π + νν]. The black contours describes the excess as Br[
large as Γ add /m ρ ∼ 30%. Such an additional width would be present when the CFV can dominantly couple to a hidden dark sector including a dark matter candidate, or a pionic sector realized as in a hidden QCD with a setup similar to the present CFV content [65] .
Summary
In the present setup of chiral-flavorful vectors (CFVs), not only the (assumed) flavor changing interactions, but also the flavor universal interactions through the mixing of the CFVs and the gauge bosons in the standard model (SM) due to manifestly realized SM gauge invariance, play important [80] , and the expected upper bounds at L = 120 fb −1 and L = 600 fb −1 estimated just by simply scaling the luminosity. The LHC cross section has been computed by implementing the CTEQ6L1 parton distribution function (PDF) [81] in Mathematica with the help of a PDF parser package, ManeParse_2.0 [82] , and setting τ 0 ≡ 4m 2 threshold /s = 10 −6 as the minimal value of the Bjorken x in the CTEQ6L1 PDF set, where the PDF scale is set to m ρ . The CUBA package [83] has been utilized for numerical integrations.
roles. Under the presence of the latter interactions, we can successfully address the anomaly in ε ′ /ε in the Kaon sector, in addition to the deviations in observables associated with b → sµ + µ − , including R K ( * ) . Almost vanishing contributions to the variables R D ( * ) are realized due to remnant of the SU (8) global symmetry, which is a strong prediction of our scenario even though the presently reported excesses in R D ( * ) cannot be explained. Limited (quite wide) parameter space still remains for a simultaneous explanation of R K ( * ) and ε ′ /ε within 1σ (2σ ) C.L. individually. In addition to the LHC direct searches, also the NA62 and KOTO experiments will explore the parameter space for the explanations through measuring Br[K + → π + νν] and Br[K L → π 0 νν], respectively. The LHCb group announced that their updated result on R K by use of 2011, 2012, 2015 and 2016 data becomes ∼ 2.5 σ from the SM (previously ∼ 2.6 σ using 2011 and 2012 data), while the Belle group claimed that the R D -R D * experimental world average of the deviation is decreased to 3.1 σ from 3.8 σ . These results implies that both of the R K ( * ) and R D ( * ) anomalies may become 'less significant'. Nevertheless, sizable deviations can remains, and then the discussion on this manuscript is basically still valid.
